the morning after night work results in a lengthy duration of wakefulness prior to night work (Monk, 2000) , exacerbating sleep pressure on the night shift. Because deterioration in cognitive functioning at the circadian alertness nadir worsens with increased homeostatic sleep pressure (Dijk et al., 1992; , attentional impairment can be substantial during nighttime operations (Banks and Dinges, 2007; McCarthy and Waters, 1997) .
Timed bright light exposure is one of the most effective technologies for reducing circadian misalignment in humans (Crowley et al., 2003; Czeisler et al., 1990 Czeisler et al., , 1992a Czeisler et al., , 1992b Horowitz et al., 2001) . In humans, bright light exposure early in the biological night delays circadian timing, while bright light exposure late in the biological night advances circadian timing (Khalsa et al., 2003) . However, the levels of light exposure employed to shift the circadian clock have typically been fairly high, ranging from 2500 to 10,000 lux (Crowley et al., 2003; Czeisler et al., 1990; Horowitz et al., 2001) , far above the lighting in a usual work environment. Bringing these findings to an operational setting could require the installation of expensive equipment depending on the scale and magnitude of the work environment. A lower intensity light that is still effective as a circadian resetting stimulus would therefore be desirable (Daurat et al., 1996) .
A complementary method to achieve circadian realignment to night work is to have the individual adopt a fixed daytime sleep schedule (Boivin and James, 2002; Horowitz et al., 2001) . As with the light exposure, the timing of sleep is crucial. From a homeostatic point of view, sleeping in the evening before the night shift rather than in the morning after the night shift would be better, as this would considerably reduce wakefulness prior to work. However, evening sleep is hard to initiate and maintain, as this time of the day spans the wake-maintenance zone, a time when the circadian propensity for wakefulness is highest (Dijk and Czeisler, 1994) . Moreover, it is the prime leisure time of the day and many shift workers may be reluctant to substitute leisure for sleep (Baker et al., 2004) .
We conjectured that combining the two strategies could make it possible to both reduce homeostatic pressure and improve circadian realignment during night work. We tested two hypotheses. First, we hypothesized that realigning subjects to "evening sleep" would be more effective in reducing nighttime attentional impairment than realigning them to the traditional "morning sleep." Second, we hypothesized, based on the saturating nonlinear relationship between light intensity and the phase-shifting effect of light (Boivin et al., 1996; Zeitzer et al., 2000) and previous data (Martin and Eastman, 1998) , that the resetting response to a moderate intensity light (600 lux) would be comparable with that of brighter light (2500 lux; Czeisler et al., 1992a Czeisler et al., , 1992b .
We measured performance in the Psychomotor Vigilance Task (PVT) to examine nighttime attentional impairment. We conjectured that the effect of cognitive slowing would be primarily reflected in the shift (median response time) in the cumulative PVT response time (RT) distribution (Ratcliff, 1979) across different conditions, while the effect of attentional impairment would be primarily reflected in the change in the shape (long RTs and the slope) of the cumulative RT distribution across different conditions (Godefroy et al., 2002; Miller and Ulrich, 2003) .
MATERIALS AND METHODS

Participants
Twenty-one men and 14 women (mean age ± SD: 28.4 ± 4.8 years) participated in the study. all healthy, as determined from a screening evaluation, which included a complete physical examination, clinical biomedical tests on blood and urine, an electrocardiogram, psychological tests (Minnesota Multiphasic Personality Inventory [MMPI] and Beck Depression Inventory), and a sleep disorders questionnaire. They also reported not having engaged in shift work for at least 3 years prior to enrolling in the protocol. All the participants gave written informed consent before starting the protocol, which was approved by the Human Research Committee of the Partners HealthCare System and was in accordance with the Helsinki Protocol.
Prestudy Conditions
Participants maintained their habitual sleep-wake time and duration until the start of the simulated shift-work segment. For a week prior to this segment they were asked to wear a wrist-mounted actigraph also equipped with a light sensor (Actiwatch-L; MiniMitter, Bend, OR), maintain a paper sleep diary, and call a time-stamped voicemail system at their bedtime (mean ± SD: 0031 h ± 0011 h) and wake time (mean ± SD: 0845 h ± 0121 h) every day.
Shift-Work Simulation
The protocol ( Fig. 1) included 7 work episodes (4 consecutive day shifts: 0700 to 1500 h; 3 consecutive night shifts: 2300 to 0700 h), 2 circadian phase assessment segments (a 6-h constant posture [CP] and a 38-h constant routine [CR]), and 8 sleep episodes (Santhi et al., 2005) . Subjects were in the laboratory during the work and sleep episodes, with the exception of the 1st sleep episode, which occurred at home. In between work and sleep, they left the laboratory and were free to engage in normal activity with the constraint that they avoid napping. Compliance with this constraint was ascertained by continuously monitoring activity with a wrist-mounted actigraph.
On the day shifts all subjects slept from 2200 to 0600 h and were outside the laboratory from 1530 to 2100 h. For the night shifts, prior to starting the protocol, subjects were randomized to 1 of 2 sleep schedules: Evening Sleep (Fig. 1 , top panel; n = 17) or Morning Sleep (Fig. 1 , bottom panel; n = 18). The Evening Sleep group slept from 1400 to 2200 h (an 8-h advance relative to baseline sleep) and was outside the laboratory prior to their sleep episode from 0730 to 1300 h. Light exposure was scheduled from 0300 to 0700 h to advance the circadian rhythms to an earlier hour (Czeisler et al., 1992a (Czeisler et al., , 1992b . The Morning Sleep group slept from 0800 to 1600 h (a 10-h delay relative to baseline sleep) and was outside the laboratory after their sleep episode from 1630 to 2200 h. Light exposure was scheduled from 2300 to 0300 h to delay circadian rhythms to a later hour (Czeisler et al., 1992a (Czeisler et al., , 1992b Khalsa et al., 2003) . For the white light exposure, prior to starting the protocol, participants were randomized to 1 of 2 illumination levels: moderate intensity (1.18 W/m 2 measured at 137 cm from the floor in the horizontal angle anywhere in the room; ~600 lux maximum) or bright light (4.87 W/m 2 ; ~2500 lux maximum). Except for the duration of the light exposure, the average illumination in the room on all the work shifts was approximately 0.23 W/m 2 (~89 lux; ~150 lux maximum). Lighting was provided by ordinary commercially available ceiling-mounted fluorescent lamps with a standard color temperature of 4110 K (model numbers: F96T12/41U/HO/EW, 95 W; F32T8/ADV841/A, 32 W; and F25T8/TL841, 25 W; Philips Lighting, Amsterdam, the Netherlands). Subjects slept in darkness.
Circadian Phase Measurement
Our markers of circadian phase were the dim light salivary melatonin onset (DLSMO), the midpoint of the melatonin rhythm, and the nadir of the endogenous core body temperature rhythm (CBT min ). DLSMO was assessed from saliva samples collected hourly during CP and CR and the melatonin midpoint from saliva samples collected during CR. The saliva samples were assayed for melatonin concentration using a double-antibody radioimmunoassay (assay sensitivity < 0.7 pg/mL, interassay coefficient of variability 13.5% at 3.4 ± 0.5 pg/mL, 12.6% at 89.3 ± 11.2 pg/mL, intraassay coefficient of variability of 3.7% at 145.74 ± 5.45 pg/mL, 6% at 2.62 ± 0.16 pg/mL; Pharmasan Inc., Osceola, WI). A 3-harmonic model was fit to the CR data, and 25% of the fitted maximum (DLSMO 25% ) was designated as the melatonin onset threshold. Initial and final phases were defined as the time when melatonin levels reached this threshold during CP and CR, respectively. The midpoint of the melatonin rhythm was defined as the midpoint between the calculated 25% upward and 25% downward crossing points of the CR melatonin secretion episode. Core body temperature was continuously monitored via a rectal thermistor (Yellow Springs Instruments, Yellow Springs, OH) during CR and the nadir of this temperature rhythm was calculated by fitting a 2-harmonic model to the data .
Measuring Attention
We measured RT in the PVT to assess nighttime attentional impairment and cognitive slowing. This task required subjects to monitor the center of a computer display for the appearance of a rapid serial stream of increasing numbers presented at fixation, indicating elapsed time since signal onset (Dorrian et al., 2005; . They were instructed to respond as soon as they detected the stimulus by pressing a button, whereupon the digit stream stopped, giving them instant RT feedback. The interstimulus interval varied randomly between 1000 msec and 9000 msec and the task lasted 20 min.
Our markers of cognitive slowing and attentional impairment were the median RT, count of long RTs, and the shape parameter (slope) of the RT cumulative distribution function (CDF; Luce, 1986; Godefroy et al., 2002; Miller and Ulrich, 2003) . The average cumulative RT distribution was computed by averaging the individual cumulative RT distributions of each work episode (for details see Ratcliff, 1979; Santhi et al., 2007) . The 90th percentile (sensitive to sleep deprivation) of the daytime baseline RT distribution served as the cutoff threshold for a long RT and the number of RTs exceeding this threshold was computed for each of the 4 work shifts (Graw et al., 2004; Santhi et al., 2007) . For each subject, the count of long RTs was based on their individual threshold. Given the high interindividual variability in processing speed and susceptibility to cognitive impairment arising from sleep deprivation and/or circadian misalignment (Van Dongen et al., 2004) , we felt that adjusting the threshold on an individual basis instead of choosing an arbitrary threshold and applying it to all subjects would constitute an improved approach to measuring nighttime attentional impairment. We also analyzed a second measure, the slope of the CDF (4-parameter Weibull).
Measuring Subjective Alertness
Scores from the Karolinska Sleepiness Scale (KSS) served as a measure of subjective alertness (Åkerstedt and Gillberg, 1990) . The KSS was a computerized 9-point numerical rating scale with corresponding verbal descriptions for the odd-numbered values. Higher values on this scale indicate lower levels of alertness (increasing sleepiness). Subjects were asked to rate their sleepiness by choosing the appropriate value on this scale.
Recording Sleep
Sleep was polysomnographically (PSG) recorded during each scheduled sleep episode in the laboratory using the Vitaport II digital recorder (Temec; Kerkrade, The Netherlands). The recordings included the central (C3 and C2), occipital (O1 and O3), and frontal (F3, F4) electroencephalogram (EEG) referenced to linked mastoids (A1-A2) as well as the electrooculogram (EOG) and submental electromyogram (EMG). Signals were amplified (time constants for EEG: 1.000 sec, EOG: 1.000 sec, EMG: 0.150 sec), low-pass filtered (Butterworth, 12 dB/octave; -6 dB at 30 Hz), digitized (256 Hz), stored (128 Hz) to flash-RAM card, and downloaded to a personal computer. All sleep recordings were scored visually in 30-sec epochs according to standardized criteria (Rechtschaffen and Kales, 1968 ). The primary sleep 
Statistical Analysis
The data were analyzed with analysis of variance (ANOVA; univariate, repeated measures, and mixed model; α = 0.05 significance level) and planned comparisons (t test, F test; α = 0.05 significance level) using the statistical packages SAS (version 9.1), SPSS (graduate student version 12.0), and Sigmaplot (version 9.0) for personal computers.
For repeated-measures ANOVA we applied Mauchly's sphericity test and used the Huynh-Feldt correction where appropriate. For the mixed-model ANOVA, the residual maximum likelihood method was used for fitting the model and the containment method was used to compute the degrees of freedom. Random effects were specified with an intercept-slope model and the variance components formed the covariance structure. The residual sum of squares from RT CDF (4-parameter Weibull) was used to compute the F value for the planned comparisons between the fitted RT distributions (Motulsky and Christopoulos, 2003) .
Circadian phase. DLSMO 25% was analyzed with a 3factor repeated-measures ANOVA model with time (initial and final circadian assessments) as the withinsubjects factor, and sleep schedule (Evening Sleep vs. Morning Sleep) and light intensity (600 lux vs. 2500 lux) as between-subjects factors. The melatonin midpoint and CBT min were analyzed with a univariate 2factor ANOVA model, with sleep schedule and light intensity as between-subjects factors. Two subjects were excluded from all analyses for the following reasons: in 1 subject (morning sleep, 2500 lux) the data were insufficient to calculate DLSMO 25% ; in the other subject (evening sleep, 600 lux) the final DLSMO 25% (phase delay: 0418 h; Fig. 2 , top left panel) was categorized as an outlier based on Tukey's definition (Tukey, 1997) . In addition, 3 subjects were excluded from the analysis of the melatonin midpoint and 2 from the analysis of the CBT min because loss of data rendered it difficult to reliably estimate these measures.
Attention and Subjective Alertness. For these measures, the daytime baseline values comprised the average of the 3rd and 4th day shifts. The 1st two day shifts were excluded to reduce confounding effects of practice and acclimation to the laboratory conditions (Santhi et al., 2007) . RTs less than 100 msec were excluded from the analyses as anticipations. All RT data were log transformed prior to analyses to normalize them. Since an initial analysis indicated that there was no differential effect of light intensity on these dependent measures, we only report analyses with the data pooled over light intensity.
The median RT, long RTs, and KSS scores were analyzed with the mixed-model ANOVA with work episode (day shift, 1st, 2nd, and 3rd night shifts) and session (1, 2, 3, 4) as within-subjects factors and sleep schedule (Evening Sleep vs. Morning Sleep) as the between-subjects factor. Planned comparisons were done with t tests and the F tests.
Sleep. For this analysis we focused on the following 4 sleep episodes: Baseline sleep, that is, the nighttime sleep following the 4th day shift; and the 3 daytime sleep episodes following the 1st (day sleep 1), 2nd (day sleep 2), and 3rd (day sleep 3) night shifts. The sleep episodes following the 2nd and 3rd day shifts were excluded to minimize effects of acclimation to laboratory conditions (sleep episode following the 1st day shift occurred at home).
The PSG data were analyzed with a mixed-model ANOVA with sleep episode (baseline, day sleep 1, day sleep 2, and day sleep 3) as the within-subjects factor and sleep schedule (Evening Sleep vs. Morning Sleep) as the between-subjects factor. Additionally, for day sleep 3, we analyzed TST and REM sleep by thirds of the sleep episode, to further examine differences in sleep structure between evening sleep and morning sleep. Comparisons of the sleep parameters between sleep schedules and sleep episodes were done with t tests.
Three additional subjects from the Morning Sleep group (2500 lux: 2 subjects; 600 lux: 1 subject) were excluded from this analysis because of insufficient data due to technical problems.
RESULTS
Circadian Phase
The average (mean ± SEM) and individual DLSMO 25% values are shown in Figure 2 . There was a significant change in the timing of the final DLSMO 25% relative to initial DLSMO 25% (time: p < 0.01), and this change was different between the 2 sleep groups (sleep schedule: p < 0.01; time × sleep schedule: p < 0.01). Comparisons between the initial and final phases showed a significant phase advance ( Fig. 2; upper panels) in the 600 lux (initial: 2034 ± 0020 h; final: 1822 ± 0044 h; n =7) and 2500 lux (initial: 2056 ± 0019 h; final: 1730 ± 0035 h; n = 8) Evening Sleep subjects and a significant phase delay ( Fig. 2 ; lower panels) in their 600 lux (initial: 2056 ± 0019 h; final: 1730 ± 0035 h; n = 8) and 2500 lux (initial: 2059 ± 0023 h; final: 0159 ± 0035 h; n = 8) Morning Sleep counterparts. The timing of the initial DLSMO 25% values did not differ significantly between any of the groups.
The timing of the melatonin midpoint and CBT min was also significantly different between the 2 sleep groups (sleep schedule: p < 0.01). The timing of the melatonin midpoint (mean ± SEM) of both the Evening Sleep groups (600 lux: 2308 ± 0053 h; 2500 lux: 2225 ± 0042 h) was significantly advanced (p < 0.01) relative to their Morning Sleep counterparts (600 lux: 0700 ± 0046 h; 2500 lux: 0648 ± 0046 h). A similar result was observed with the timing of CBT min (p < 0.01; Fig. 2 ). There was no differential effect of light intensity on DLSMO 25% , the melatonin midpoint, or CBT min .
Attention
Cognitive slowing. The cumulative RT distributions are shown in Figure 3 . Comparisons (F test) of the fitted distributions between the 1st night shift and day shift indicated a significant cognitive slowing on the 1st night shift in both sleep groups (p = 0.04). This impairment persisted on the 3rd night shift in the Morning Sleep group (p = 0.04) but not in the Evening Sleep group (p = 0.06). A similar tendency was seen on the 2nd night shift (Morning Sleep: p = 0.04; Evening Sleep: p = 0.05). A comparison between the 2 sleep groups indicated the Morning Sleep subjects were significantly slower than their Evening Sleep counterparts on the 3rd night shift (p = 0.04).
There was an effect of work episode (p < 0.0001), session (p = 0.01), and a tendency for a work episode × session interaction (p = 0.053) on the median RT. A comparison between the day shift and the 3 night shifts showed that median RT was significantly longer on the 1st night shift in both sleep groups (p < 0.001). This difference from the day shift persisted on the remaining 2 night shifts only in the Morning Sleep group (p < 0.01). Consistent with this, comparisons between session 1 and session 4 on the 2nd and 3rd night shifts revealed a significant slowing of RT in session 4 only in the Morning Sleep group (2nd night shift: p = 0.04; 3rd night shift: p = 0.02).
Attentional impairment. This analysis is summarized in the top panel of Figure 4 and the upper half of Table 1 (mean ± SEM). There was an effect of work episode (p < 0.0001) and a significant sleep × work episode interaction (p = 0.004) on the number of long RTs. A comparison between the day shift and each of the 3 night shifts confirmed a significant increase in attentional impairment on the 1st night shift in both sleep groups (p < 0.01) although it persisted on the remaining 2 night shifts only in the Morning Sleep group (p < 0.01). A comparison between the 2 sleep groups indicated that on the 3rd night shift there were 60% more of these extreme RTs in the Morning Sleep group (p < 0.01); even on the 2nd night shift the Morning Sleep group exhibited a greater tendency (37% more) for these extreme RTs (p = 0.08).
There was also an effect of session (p < 0.0001) and a significant work episode × session interaction (p < 0.0001) on the long RTs. A comparison between sessions 1 and 4 indicated that, in contrast to the day shift (p > 0.05), there were significantly more long RTs at the end of all the night shifts in both sleep groups (p < 0.01). However, a comparison between the 2 sleep groups revealed that on the 2 latter night shifts there were significantly more long RTs in the Morning Sleep group in sessions 2, 3, and 4 ( Table 1) .
The slope of the CDF on the 1st night shift was significantly larger than the day shift in both sleep groups (p < 0.01). This difference from the day shift persisted on the remaining night shifts only in the Morning Sleep group (p < 0.01).
Subjective Sleepiness
The KSS results are summarized in the bottom panel of Figure 4 (mean ± SEM). There was an effect of work episode (p < 0.0001) with a tendency for a sleep × work episode interaction (p = 0.06). A comparison between the day shift and each of the 3 night shifts indicated that subjects in both groups felt sleepier on the 1st (p < 0.01) and 2nd (p < 0.05) night shifts, but only the Morning Sleep subjects continued to exhibit this impairment on the 3rd night shift (p = 0.04). Also, on the 3rd night shift the Morning Sleep subjects tended to feel sleepier than their Evening Sleep counterparts (p = 0.07).
There was a significant effect of session (p < 0.0001), a significant work episode × session interaction (p < 0.0001), and a significant sleep × work episode × session interaction on the KSS scores (p < 0.0001). A comparison between sessions 1 and 4 indicated that, in contrast to the day shift (p > 0.05), subjective sleepiness was greater at the end of the 1st night shift in both sleep groups (p < 0.01). However, only the morning sleep subjects continued to exhibit this impairment on the remaining 2 night shifts (p < 0.01). A comparison between the sleep groups indicated that on these latter 2 night shifts, subjective sleepiness was significantly greater in sessions 3 (p < 0.05) and 4 (p < 0.01) in the Morning Sleep group.
Sleep
The sleep parameters for all sleep episodes are summarized in Table 2 , and the results (mean ± SEM) of the analysis of day sleep 3 are shown in Figure 5 .
Total sleep time and sleep efficiency did not differ significantly between sleep groups or sleep episodes. However, there was a decrease in sleep latency (p < 0.01) on all 3 daytime sleep episodes relative to baseline sleep, in both sleep groups. There was also an increase in WASO (p < 0.05) during day sleep 1 and day sleep 2 relative to baseline sleep, in both sleep groups. As expected, based on the fact that subjects were awake longer prior to day sleep 1 than prior to baseline sleep, there was an increase in SWS (Morning Sleep: +32%, p < 0.01; Evening Sleep: +32%, p < 0.01) in both groups, together with a decrease in stage 1 in the Evening Sleep group (p < 0.05), and a decrease in stage 2 in the Morning Sleep group (p < 0.05). There was a decrease in REM sleep in the Evening Sleep group on day sleep 1 and day sleep 2 (p < 0.01). In the Morning Sleep group there were no significant differences in REM sleep between baseline sleep and the 3 daytime sleep episodes.
Analysis by 3rds of day sleep 3 (Fig. 5) was significantly more REM sleep in the first 3rd of this sleep episode in Morning Sleep compared with Evening Sleep (p = 0.003).
DISCUSSION
The present results indicate that an evening sleep schedule when working night shifts is remarkably effective in reducing nighttime attentional impairment and cognitive slowing. Performance on the PVT on the 2nd and 3rd night shifts recovered to near daytime levels quite rapidly in subjects on the atypical "evening sleep" schedule, while it continued to be worse than daytime levels in the subjects on the more typical "morning sleep" schedule. Our physiological and PSG data lead us to conclude that this rapid recovery in the Evening Sleep subjects was attributable to the combination of reduced homeostatic sleep pressure and partial circadian realignment. It is noteworthy that a moderate light intensity (~600 lux) was as effective a resetting stimulus as the bright light (~2500 lux).
The pronounced attentional impairment on the 1st night shift is consistent with results from other studies (Purnell et al., 2002; Santhi et al., 2007) and the finding that the circadian impact on cognitive function is amplified with increasing sleep pressure (Dijk et al., 1992; . Although this underscores the importance of targeting both circadian misalignment and homeostatic sleep pressure (Boivin and James, 2002; Horowitz et al., 2001) when designing countermeasures against nighttime attentional impairment, the difference in the efficacy of the 2 sleep schedules suggests that the direction of circadian realignment and timing of sleep warrant careful consideration. While the Evening Sleep group performed better overall, on the 1st night shift they were worse than the Morning Sleep group (Figs. 3 and 4) suggesting the need for a different strategy at the transition from day to night shift in that group.
Despite a larger phase shift, the overall nighttime attentional impairment was worse in the morning sleep subjects than their Evening Sleep counterparts. One can surmise from the CBT min results (Fig. 2, bot Sleep group, leaving them vulnerable to attentional impairment (Wyatt et al., 1999) . This would have been further exacerbated by high homeostatic pressure as they had been awake for at least 12 h at this point. In contrast, not only was the homeostatic sleep pressure lower in the Evening Sleep subjects, but their night shifts spanned the circadian incline of alertness (their CBT min occurred at the beginning of these shifts), leaving them less vulnerable to attentional impairment than the Morning Sleep group. In our study, the partial phase advances proved to be more effective at improving performance than the partial phase delays. However, partial circadian realignment facilitated by phase delays has been shown to result in improved performance as well (Crowley et al., 2003) . In a simulated shift work protocol, Crowley et al. (2003) showed that subjects who exhibited partial circadian realignment not only performed better than subjects who did not exhibit realignment, but they also improved over the course of successive simulated night shifts. However, since their study did not include baseline measures, it is difficult to compare the efficacy of their countermeasure to that of our evening sleep schedule.
Because morning sleep after night work leaves an individual with a disproportionately large duration of wakefulness before work, the accumulated homeostatic sleep pressure before the start of the work shift can be detrimental for maintaining high levels of attention (Horowitz et al., 2003) . Sleeping in the evening before a night shift would minimize this problem because it considerably reduces the duration of wakefulness before work, similar to the sleep schedule of a day shift worker. But attempting sleep in the evening without circadian realignment can be especially challenging since an evening sleep schedule would span the wake maintenance zone, a time when it is most difficult to initiate and maintain sleep (Dijk and Czeisler, 1994) . This is perhaps one reason why most night-shift workers have not adopted this practice.
Optimally, circadian realignment for an evening sleep schedule would require an advance in the phase of the circadian system. This is opposite to the practice in most laboratory studies, which are Santhi et al. / ATTENTIONAL IMPAIRMENT DURING NIGHT WORK 349 designed to obtain a phase delay (Crowley et al., 2003; Czeisler and Dijk, 1995; Horowitz et al., 2001) . There have been 2 reasons for this. First, a morning sleep schedule similar to the one we used in this protocol most closely simulates the typical behavior of a night shift worker in the real world. Second, there is a directional asymmetry, such that phase advances are more difficult to achieve than phase delays. However, as our data indicate, with appropriately timed light exposure circadian phase advance can be achieved quite rapidly even with a moderately intense light stimulus, a finding that is consistent with other studies (Martin and Eastman, 1998) .
While modest, the phase shifts we achieved were sufficient to ensure that subjects in both sleep groups slept equally well and as well as they did during their baseline sleep episode. Despite this, subjects in the Morning Sleep group performed worse than their Evening Sleep counterparts on the night shifts. We hypothesize that this is because the timing of daytime sleep in the Evening group resulted in reduced homeostatic pressure, thereby facilitating their nighttime performance. Our subjects also slept well after the 1st night shift even though their circadian system was presumably still misaligned at this point. Note that by the end of this shift, subjects had been awake for over 24 h. This would have left them with an extremely high sleep pressure, which could account for why they slept so well during this daytime sleep episode.
A more detailed analysis of sleep also revealed differences: during their daytime sleep episode, subjects had decreased sleep latency and increased WASO, attributable to an altered phase relationship with respect to the circadian rhythm in sleep propensity . Furthermore, analyses of REM sleep and TST of day sleep 3 revealed differences in the structure and distribution of sleep between the 2 groups. We conclude that these differences are due to differences in the phase relationship between the scheduled sleep episodes and the strong circadian rhythms in sleep and REM sleep propensities (Czeisler et al., 1980; Dijk and Czeisler, 1995) .
While our Evening Sleep schedule was beneficial for nighttime performance, it may not be very appealing to shift workers in the real world because of pressing family and societal obligations (Monk, 2000) . Moreover, being the prime leisure time of the day, many shift workers may be reluctant to substitute leisure for sleep (Baker et al., 2004 ). An alternative approach would be to design sleep schedules that accommodate domestic and societal needs while ensuring efficient nighttime performance, for example, an afternoon sleep that affords some leisure time in the evening. Future directions for research could involve the evaluation of different afternoon and evening sleep schedules as a countermeasure against nighttime attentional impairment.
In conclusion, by scheduling sleep in the evening and advancing the circadian clock, we were able to reap the benefits of reduced homeostatic pressure as well as partial circadian alignment during work. A desirable aspect of our Evening Sleep schedule is that reverting back to a diurnal orientation during offduty days (Monk, 2000) would only require a small phase delay. A caveat to the proposed countermeasure is that it was not very effective against attentional impairment on the 1st night shift. This suggests that countermeasures that are currently the standard for night work may not be effective on this shift. It may also not be practical for individuals in the real world to be awake for 26 h or longer, like our subjects did before starting their 1st night shift. Future research should focus on examining the efficacy of countermeasures such as naps before work and/or wake-promoting therapeutics such as caffeine for cognitive impairment on the 1st night shift, or bright light to suppress acutely the release of the soporific hormone melatonin during nighttime hours (Campbell and Dawson, 1990; Lewy et al., 1980; Wyatt et al., 2004) . 
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